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Abstract 

We give a brief status report on our on-going investigation of the prospects to discover 
QCD instantons in deep inelastic scattering (DIS) at HERA. A recent high-quality lattice 
study of the topological structure of the QCD vacuum is exploited to provide crucial support 
of our predictions for DIS, based on instanton perturbation theory. 
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1 INTRODUCTION 



The ground state ("vacuum") of non-abelian gauge theories like QCD is known to be very rich. It 
includes topologically non-trivial fluctuations of the gauge fields, carrying an integer topological 
charge Q. The simplest building blocks of topological structure in the vacuum, localized (i.e. 
"instantaneous") in (euclidean) time and space are |l|, [| instantons (I) with Q = +1 and anti- 
instantons (I) with Q = —1. While they are believed to play an important role in various 
long-distance aspects of QCD, there are also important short- distance implications. In QCD with 
rif (massless) flavours, instantons induce hard processes violating "chirality" Q$ by an amount 
AQ 5 = 2rifQ, in accord with the general ABJ chiral anomaly relation 0. While in ordinary 
perturbative QCD (Q = 0), these processes are forbidden, their experimental discovery would 
clearly be of basic significance. The DIS regime is strongly favoured in this respect, since hard I- 
induced processes are both calculable [0, [4| within 7-pertubation theory and have good prospects 
for experimental detection at HERA ji], |], H, • 



2 INSTANTONS IN THE QCD VACUUM 

Crucial information || on the range of validity of our DIS predictions 0, ^] comes from a recent 
high-quality lattice investigation || on the topological structure of the QCD vacuum (for rif = 0). 
In order to make /-effects visible in lattice simulations with given lattice spacing a, the raw data 
have to be "cooled" first. This procedure is to filter out (dominating) fluctuations of short 
wavelength 0(a), while affecting the topological fluctuations of much longer wavelength /)>a 
comparatively little. After cooling, an ensemble of Ps and J's can clearly be seen (and studied) 
as bumps in the topological charge density (e.g. fig. [l| (left)) and in the Lagrange density. 

Next, we note that crucial J-observables in DIS, like the /-induced rate at HERA, are closely 
related to J-observables in the QCD vacuum, as measured in lattice simulations. 

The link is provided through two basic quantities of the /-calculus, D(p), the J-size distribution 
and Q(U, R 2 / pp,p/ p), the //-interaction. Here p{p),R^ and the matrix U denote the / (Z)-sizes, 
the //-distance 4-vector and the // relative color orientation, respectively. Within /-perturbation 
theory, the functional form of D and fl is known for a(p r ) \og(p r p) <C 1 and R 2 /pp 3> 1, respec- 
tively, with p r being the renormalization scale. Within the so-called "//-valley" approxima- 
tion |ll], [12], [L3|, fivaiioy is even analytically known for all R 2 . 

Fig. [I] (middle) illustrates the striking agreement in shape and normalization || of 2D(p) with 
the continuum limit of the high-quality UKQCD lattice data |9[| for dn I+ j/d A x dp. The pre- 
dicted normalization of D(p) is very sensitive to A^g n ^ =0 for which we took the most accurate 



(non-perturbative) result from ALPHA |15| . The theoretically favoured choice p r p = 0{1) in 
fig. |T| (middle), optimizes the range of agreement, extending right up to the peak around p ~ 0.5 
fm. However, due to its two- loop renormalization-group invariance, D(p) is almost independent 
of p r for p<0.3 fm over the large range 2<p r <20 GeV. Hence for p<0.3 fm, there is effectively 
no free parameter involved! 
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Figure 1: (left): Topological charge density q(x,t) on the lattice [[HJ after "cooling", displayed as 
function of z and t with x, y fixed. Three J's (q(x, t) > 0) and two Fs (q(x, t) < 0) are visible as 
bumps. Continuum limit |§ of "equivalent" UKQCD data H |l4| for the (J + J)-size distribution 
(middle) and the normalized //-distance distribution (right) along with the respective predictions 
from /-perturbation theory and the valley form of the //-interaction |§. The 3- loop form of a-^ 
with Aj^g n ^ =0 from ALPHA |L5] was used. 

Fig. |^ (right) displays the continuum limit || of the UKQCD data || [TJ| for the distance dis- 
tribution of //-pairs, drijj/d x d 4 R, along with the theoretical prediction ||. The latter involves 
(numerical) integrations of exp(— 4n/a ■ fl va \\ cy ) over the // relative color orientation (U), as well 
as p and p. For the respective weight D(p)D(p), a Gaussian fit to the lattice data was used in 
order to avoid convergence problems at large p, p. We note a good agreement with the lattice 
data down to //-distances R/(p) — 1. These results imply first direct support for the validity of 
the "valley" -form of the interaction Q between //-pairs. 

In summary: The striking agreement of the UKQCD lattice data with /-perturbation theory is 
a very interesting result by itself. The extracted lattice constraints on the range of validity of 
/-perturbation theory can be directly translated into a "fiducial" kinematical region for our DIS- 
predictions [|, |§. Our results also suggest a promising proposal ||: One may try and replace the 
two crucial quantities of the perturbative /-calculus D(p) and fl(U, R 2 / p~p,~p/ p) by their actual 
form inferred from the lattice data. The present "fiducial" cuts in DIS may then be considerably 
relaxed, high-.&r photoproduction becomes accessible theoretically, etc. 

3 SEARCH STRATEGIES IN DIS 

An indispensable tool for investigating the prospects to detect /-induced processes at HERA, is 
our /-event generator QCDINS-1.60, which is interfaced (by default) to HERWIG 5.9. 

In a recent detailed study 0, based on QCDINS and standard DIS event generators, a number of 
basic (experimental) questions has been investigated: How to isolate an I-enriched data sample 
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by means of cuts to a set of observables? How large are the dependencies on Monte-Carlo models, 
both for /-induced (INS) and normal DIS events? Can the Bj or ken- variables (Q', x') of the 
/-subprocess(, to which "fiducial" cuts should be applied,) be reconstructed? 

Let us briefly summarize the main results. While the "/-separation power" = INS e fj/DIS e ff typi- 
cally ranges around (9(20) for single observables, a set of six observables (among ~ 30) with much 
improved /-separation power = 0(130) could be found. The systematics induced by varying the 
modelling of /-induced events remains surprisingly small (fig. 0). In contrast, the modelling of 
normal DIS events in the relevant region of phase space turns out to depend quite strongly on 
the used generators and parameters (fig. 0). Despite a relatively high expected rate of (9(100) pb 
for /-events in the "fiducial" DIS region 0, a better understanding of the tails of distributions 
for normal DIS events turns out to be quite important. 
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Figure 2: Dependence of the /-separation power for a multi-dimensional cut scenario on the 
variation of Monte-Carlo models and parameters 0. Corresponding efficiencies (eff) and event 
numbers for / Cdt = 30 pb -1 are also shown. DIS = default, INS varied. 
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Figure 3: As in fig. |j, but INS = default, DIS varied. 
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